Abstract This report compares the enterococci count on samples obtained with Azide NutriDisk (AND) (sterile, dehydrated culture medium) and Slanetz & Bartley (SB) medium when exposed to a variable in incubation time and temperature. Three experiments were performed to examine the recovery of enterococci on AND and SB media using membrane filtration with respect to: (a) incubation time; (b) incubation temperature; and (c) a combination of the two. Presumptive counts were observed at 37, 41, 46 and 47 8C and at 20, 24, 28 and 48 h. These were compared to AWWA standard method 9230 C (44 8C, 44 h). Samples were confirmed using Kanamycin Aesculin Azide (KAA) agar. Friedman's ANOVA and Students t-test analysis indicated higher enumeration of enterococci when grown on AND ( p ¼ 0.45) than SB ( p ¼ , 0.001) at all temperatures with a survival threshold at 47 8C. Significant results for AND medium were noted at 20 h ( p ¼ 0.021), 24 h ( p ¼ 0.278) and 28 h ( p ¼ 0.543). The study concluded that the accuracy of the AND medium at a greater time and temperature range provided flexibility in incubator technology making it an appropriate alternative to SB medium for monitoring drinking water using field testing kits in developing countries.
Introduction
Studies suggest that enterococci are more robust indicator bacteria than thermotolerant coliforms in temperate climates (Fujioka et al., 1984; Melian et al., 1999; Macler and Merkle, 2000; Massa et al., 2001) . However, other studies have identified the variance of enterococci growth when exposed to variable incubation times and temperatures (McFeters et al., 1974; Bitton et al., 1983) . In a preliminary study of microbial parameters in inland recreational waters, the UK Public Health Laboratory Service Water Surveillance group recorded a variation in enterococci growth rate based on time (Anon, 1995) . Further studies noted a variation of enterococci growth based on temperature (Ericksen et al., 1983) These variations are supported by Horan (2003) who highlighted that current media lack selectivity, differential ability, quantitative recovery or relative ease. These shortcomings have limited the use of enterococci as indicator organisms in developing countries. As noted by Hutton (1983) , testing of enterococci is a time-consuming process which is impractical in developing countries where, due to excessive electricity variation, water quality monitoring is often performed using battery-powered portable testing kits. The limited capacity and variance of many of these kits means that long incubation periods and precision temperature are impractical (Howard, 2002) .
The present study assessed the growth of enterococci on AND and SB media at a range of times and temperatures. Evaluations were carried out in the Environmental Health Engineering Laboratories, Loughborough University, UK by water quality experts with extensive experience of working in developing countries. A senior microbiologist provided quality control from CREH Analytical Limited, Leeds, UK.
Materials and methods

Media and bacterial strains
Slanetz & Bartley (SB) agar (Oxoid CM377) and Kanamycin Aesculin Azide (KAA) agar (Merck 1.05222) were prepared according to manufacturers' instructions. Azide NutriDisks (AND) were prepared by adding 3.5 mL sterile distilled water to the nutrient pad in the petri dish. In accordance with manufacturers' instructions, optimum moisture levels were reached once an excess ring of liquid was clearly visible. Confirmations were carried out using KAA. Enterococci including members of the genus Streptococcus (S. bovis, S. equinus, S. hyointestinalis, S. intestinalis, S. alactolyticus and S. acidominimus).
Method
Three experiments were carried out at Loughborough University to assess the recovery of enterococci on AND and SB media using variable incubation times and temperatures when compared to a control method (AWWA, 2004) . Evaluations were carried out using a Static Group experimental design (experiment 1 ¼ 72 samples, experiment 2 ¼ 22 samples, experiment 3 ¼ 64 samples). The treatment group in each experiment was marked as t. Random assignment of time and temperature was selected from the random number generation functions in Excel 
Sampling and processing
Experiments 1 and 2 used a freeze dried Enterococcus mixture and experiment 3 used final effluent collected from a local wastewater treatment works (EA, 2002) . Freeze dried enterococci (#24022003) were reconstituted in accordance with the manufacturers' instructions and 0.2 mL mixed with 5 L sterile quarter-strength Ringer's solution. Experiment 3 samples were collected following standard sampling collection methods [BS 6068-6.10 (1993) and ISO 5667-10 (1992) (BS/ISO 1992 , 1993 ]. Final effluent was diluted to 10 22 quarterstrength Ringer's solution. Aliquots (100 mL) were filtered (0.45 mm HC Millipore and Schleicher and Schuell ME25/21ST membranes) using filtration kits identical to those used in field-testing in developing countries. The filtration unit was sterilised between samples using burnt methanol to produce formaldehyde. The samples were pre-incubated (ambient for 4 h) prior to incubation. After incubation, typical colony appearance and the incubation procedures of the media were as follows: (a) SB agar -pink or dark red-brown colonies (44^1 8C, 44 h); (b) AND medium -dark red (44^1 8C, 44 h).
Verification and identification
Following the incubation period, all the colonies grown were noted as presumptive counts. These were double counted within a 95% confidence level (EA, 2002) . The SB and AND media were then confirmed by transferring the membrane to KAA plates and incubating at 44 8C (2 h). The hydrolysis of the aesculin in the presence of the azides turned the confirmed colonies black.
Results and observations
Experiment 1 Table 1 summarises the data collected in Experiments 1A and 1B. A growth threshold for the bacteria was found to exist between 46 and 47 8C. It was observed that, although enterococci counts were significant at 46 8C on AND medium, the colonies were faint and difficult to read, possibly due to the fact that the threshold was being approached. Data were assumed to be normal based on probability plot correlation coefficient (PPCC) tests carried out in earlier experiments. Analysis was undertaken using hypothesis testing. A significance level of a ¼ 0.05 was adopted, along with a null hypothesis (H 0 ), there was no difference between the results for bacterial counts on a given medium at the various temperatures. The 1-way analysis of variance (ANOVA) test was selected based on recommendations in Helsel and Hirsch (2000) . Because the samples used in Experiment 1B were dilutions of those used in 1A, it was possible to compare results between the two data sets by multiplying 1B results by a factor of 10. Thus, ANOVA was performed using the following groups for each of the media (Table 2) : Controls 2A, Controls 2B, 37 8C, 41 8C, 46 8C. Due to the discovery that the survival threshold of the bacteria is exceeded at 47 8C, the results from that temperature were not factored into the analysis. According to the calculated p-values, H 0 was rejected for the SB data set ( p , , 0.001) but failed to be rejected by the AND results ( p ¼ 0.45). It was concluded that the SB medium produced statistically different results for enterococci enumeration at the various temperatures while the AND results were not significantly different despite temperature variation.
Experiment 2
The mean results of enterococci counts on SB and AND media over time are shown in Table 3 . It was observed that both types of media were susceptible to temperature fluctuations when they were being taken in and out of incubation for counting; this was evidenced by the higher mean counts for the controls, which were 37 and 34 for SB and AND, respectively. Also noted was the clarity of colony appearance on AND at the early stages of growth as compared with growth on the SB agar. Growth curves of the bacteria on each medium were plotted for both SB and AND (Figures 1 and 2) . It was apparent upon initial observation that the growth curve for AND medium was significantly flatter than that of the SB. This shallower slope indicated a slower rate of change of bacterial growth with respect to time.
Hypothesis testing (ANOVA, t-tests) was used in further analysing the time data. For these tests, AND1 ( Figure 2 ) was discarded; this particular plate had experienced a processing error, as evidenced by almost no bacterial growth and a discolouration of the membrane. Two further ANOVA tests were conducted on the SB and AND data. These ANOVAs compared the enterococci enumeration at all times that counts were performed. A null hypothesis was adopted stating that the means of the counts at all times were equal, with an alternative hypothesis that they were not equal. Again, a significance level of 0.05 was used. The resultant p-values were (a) SB, p , , 0.001 and (b) AND, p ¼ 0.07. Thus, for the SB data, H 0 was rejected but the AND results failed to reject the null hypothesis.
In order to compare each time result to the standard 44 h recommendation, hypothesis testing (t-tests) was undertaken. The null hypothesis stated that the mean count for a particular incubation time was equal to that of 44 h incubation, with the alternative that it was not equal. The decision rule remained the same. P-values are shown in Table 4 . It was concluded that H 0 should be rejected for all incubation times shown for the SB media; however, incubation for both 24 and 28 h on AND was found to produce results that were not statistically different than those at 44 h as H 0 failed to be rejected at these times.
Experiment 3
Results are shown in Figure 3 . Observations during experimentation showed that AND colonies were again clearer at the earlier stages of growth. Confirmation, undertaken at 48 h (44 h for controls), revealed false positives on both media. Significantly higher rates of both confirmed and false positives were observed on AND (Table 5) . Experiment 3 was analysed in terms of enumeration and false positives. At 37, 41 and 44 8C, enumeration of confirmed enterococci was greater on AND than on SB. Results at 46 8C were equivalent; however, as shown in Experiment 1, 46 8C is near the survival threshold of the bacteria on any type of medium and, therefore, is not representative of the actual enterococci count. The rate of recovery of SB was analysed in comparison with AND. Overall, for all temperatures, an average of 43% of the confirmed counts on AND were detected by SB. This recovery rate was as low as 22% (observed at 37 and 41 8C). With regard to false positives, ratios of mean confirmed:mean presumptive counts for both media at all temperatures were calculated (Table 6 ). Ratios were higher for AND at all temperatures than for SB with the highest rate of false positives at 41 8C and the lowest at 46 8C. In order to draw conclusions about the advantages and disadvantages of AND vs. SB from the point of view of Experiment 3, qualitative analysis is necessary to evaluate the importance of enumeration against false positives observed on AND.
Discussion
Results indicated a higher enumeration on AND ( p ¼ 0.45) than SB ( p # 0.001) at all incubation temperatures with a growth threshold temperature of 47 8C. Morphologically clearer counts were achieved between 37 and 44 8C with clearest counts recorded at 37, 41 and 44 8C on AND media. These incubation temperatures were contrary to the manufacturers' literature which recommended incubation at 37 8C but supported scientific theory which suggests that enterococci isolation is morphologically clearer at higher temperatures (Anon, 1983) . Total confirmation was obtained on analysis of freeze dried enterococci in experiments 1 and 2 at all temperature ranges. In comparison, experiment 3 produced total mean false positives throughout the temperature range of . 20%. These findings supported by Fujioka et al. (1984) who identified two types of presumptive enterococci colonies on KF agar: gram-positive coccus and gram-negative NaCl requiring bacilli. Due to a higher level of enumeration of presumptive counts on AND, a greater number of confirmed enterococci were isolated on AND as compared to SB. Greatest enumeration was noted on AND media at 41 8C with a temperature range average of 65% false positives identified at a 1:6.6 as opposed to 1:1.3 ratio in SB. Although false positives were identified, they were reported as less than in previous studies by Krogulska and Szalachta (1996) who noted a 96% false positive characteristic when using an azide medium. It was observed that enumeration of greatest confirmed enterococci for both media occurred at 44 8C. Analysis further indicated that AND produced statistically higher counts ( p ¼ 0.07) compared to SB ( p # 0.001) when compared to the AWWA/APHA recommended 44 h incubation. Higher counts were noted on AND media at 20 h ( p ¼ 0.021), 24 h ( p ¼ 0.278) and 28 h ( p ¼ 0.543) when compared to AWWA/APHA 44 h incubation (AWWA, 2004) . The studies, however, support the view of Pinto et al. (1999) who stress the importance of the development of a confirmation test for faecal as opposed to environmental enterococci. Successful application of enterococci analysis in portable field testing kits in developing countries requires a confirmed enterococci method in less than 44 h.
Conclusions
Various conclusions were drawn from the experiments: (a) AND medium produces morphologically clearer counts than SB medium at a time range of 20-44 h with highest enumeration noted on AND at 24 and 28 h; (b) AND medium provides morphologically clearer colony counts than SB at 37, 41 and 44 8C; and (c) despite false positives identified, higher enumeration of both confirmed and presumptive enterococci was noted on AND medium as compared to SB medium with both environmental and freeze dried samples. The study concluded that the accuracy and specificity of the AND media at a greater time and temperature range provided flexibility in incubator technology making it an appropriate medium for monitoring drinking water using field testing kits in developing countries.
